Eh-pH diagrams for Cd speciation in the soil solution
The equilibrium reactions and equilibrium constants (log K) of Cd species were based on Lindsay (1979 References used for the LCF procedure are selected based on the SPOIL score (Table S1) 
XANES-LCF on soil samples
The XANES spectroscopy of Cd analysis was performed on the soil samples at the beamline BL01B1 at SPring-8 in Hyogo, Japan. The XANES data were collected in transmission mode for BN diluted samples or in fluorescent mode (synthesized references and soil samples) with 19-element Ge semiconductor detector at ambient temperature across the Cd K absorption edge at 26711 eV using Si (311) 
where μ is normalized absorption. Among all references, the binary-component fit resulting in the best and second-best R value was reported. This LCF procedure can avoid non-unique fitting solution since the use of a large number of references can inappropriately improve the R value (Hashimoto and Yamaguchi, 2013; Hashimoto et al., 2014) . All LCF was performed in the energy range between 26691 and 26761 eV (i.e., relative energy between -20 and 50 eV).
The XANES-LCF determined that Cd-ferrihydrite was the primary Cd species in all soils, regardless of redox states and ZVI additions. The overall trend of Cd-ferrihydrite proportion accounting for the total Cd was consistent with that of EXAFS-LCF. The
Cd-humus was identified as a secondary Cd phases in most of the soils instead of Cd-carboxyl that was determined as a secondary species by the EXAFS-LCF. The structure of XANES spectra of Cd-humus and Cd-carboxyl were similar, which hindered distinguishing these species in the soil using the XANES-LCF. As well as the Cd-caroboxyl reference, Cd in humus may partially be bound with the carboxyl functional group, suggesting that Cd in these compounds possess a common binding structure. Cadmium 
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EXAFS shell fitting
The EXAFS shell fitting was performed using the software code Artemis (Ravel and for soil samples using a Hanning window. Shell-fits were performed in r-space over the r-range 1.0 to 3.6 Å, depending on samples. Theoretical scattering paths were obtained using FEFF based on the structure of greenockite (CdS) for the Cd-S path (Graf, 1961) and otavite (CdCO 3 ) for Cd-O path (Wyckoff, 1963) . A similar fitting procedure is also used by Fulda et al. (2013) ) for Cd-O and for Cd-S single-scattering paths were fixed to the value of 1. The uncertainty in the analysis was evaluated by R factor given by the following equation:
The EXAFS shell-fit on soil Cd was performed on selected samples showing the notable difference in the proportion of CdS by EXAFS-LCF.
The fitted CN and R values of Cd-O, Cd-S, and Cd-Cd for CdCO 3 and CdS were in agreement with those reported in the crystallographic data (Graf, 1961; Wyckoff, 1963 ) and other studies (Fulda et al., 2013) . Table S2 ). In contrast, the first shell of reduced HS-ZVI Entisol sample has a broader right tail than other spectra, and a small shell indicative of Cd-Cd bond for CdS. Such features represent the presence of CdS in these soils. For this spectrum, the first shell fit was performed using a binary combination of Cd-O and Cd-S (Fulda et al., 2013) , yielding a better fit than the single-component fit using either Cd-O or Cd-S. This is in agreement with the result of EXAFS-LCF that determined CdS as a second major Cd compounds in the ZVI added Entisols at day 30 th . Although the results of R values for soil Cd were not directly comparable to the Cd references, the EXAFS shell fit suggests the occurrence of CdS in ZVI-added soils. # Fulda et al. (2013) Values of standard deviation for a least-squares fit are given in parentheses. * The value is fixed. EXAFS fitting curves are shown in Fig. S5 .
